Anticonvulsants, notably those which modulate GABA activity, have shown efficacy in reducing aggressive behavior. Previously, we found dose-related decreases in human aggressive responding following acute tiagabine administration. Here, we examined the effects of chronic tiagabine over a 5-week period. Twelve individuals at increased risk for aggressive and violent behavior (currently on parole/probation with personality and/or substance use disorders) were randomly assigned to placebo (n ¼ 6) or an escalating dose sequence of placebo, 4 mg, 8 mg, 12 mg, placebo (n ¼ 6). Data were analyzed using both frequentist and Bayesian mixed models, evaluating aggressive behavior as a function of time, dose condition, and their interaction. For aggressive responding, there was a significant interaction of drug condition and time. Aggression in the tiagabine condition decreased for each additional week in the study, while participants in the placebo condition failed to demonstrate similar change over time. For monetary-reinforced responding, no drug or drug by time interactions were observed, suggesting specificity of drug effects on aggression. The small number of subjects limits the generality of the findings, and previous studies with tiagabine are limited to acute dosing and case report investigations. However, the present data provide an indication that tiagabine merits further examination as an agent for management of impulsive aggression.
Introduction
Anticonvulsant drugs have frequently been employed for the management of human aggressive behavior. A number of these drugs, including valproate, phenytoin, and carbamazepine, have been shown to mitigate aggression (Barratt et al., 1997; Kim, 2002; Stanford et al., 2005 Stanford et al., , 2009 ). However, Hellings et al. (2005) did not find valproate to be significantly different from placebo in managing aggression in patients with developmental disabilities. Similarly, in a large-scale clinical trial of divalproex sodium, Hollander et al. (2003) did not find a significant reduction in impulsive aggression versus placebo, although greater response was noted in patients with cluster B personality disorders. To better understand the relationship between anticonvulsants and aggression, further analysis is required.
Many anticonvulsants target the g-aminobutyric acid (GABA) neurotransmitter system, the primary inhibitory neurotransmitter in the central nervous system (CNS) . Research has consistently demonstrated a relationship between aggressive behavior and GABA (Miczek et al., 2004) . CNS and plasma GABA levels generally show an inverse relationship with aggressive behavior (Bjork et al., 2001; Earley and Leonard, 1977 ; although see Lee et al., 2009) . Preclinical studies indicate that systemically increasing GABAergic transmission can inhibit aggressive behavior (Poshivalov, 1981; Puglisi-Allegra et al., 1981) . While drugs that allosterically activate GABA-A receptors (e.g. benzodiazepines and alcohol) can paradoxically increase aggression (Miczek et al., 2003; Gourley, 2005; Saias and Gallarda, 2008) , many GABAergic drugs have proven effective at attenuating aggression (Barratt et al., 1997; De Almeida et al., 2005; Griffith, 1985; Miczek et al., 2004) . Continued examination of GABA in the neurobiological regulation of aggression appears warranted (De Almeida et al., 2005; Huband et al., 2010; Khalifa et al., 2010; Siegel et al., 1999) .
Although the research is less extensive, more recently developed anticonvulsants, such as tiagabine and topiramate, have been reported to reduce aggression in acute laboratory models and controlled trials. Tiagabine is an anticonvulsant that operates by inhibiting the re-uptake of GABA. A preclinical experiment in rats indicated that topiramate caused an increased release of GABA and also increased the GABA-A receptor inhibitory response in the basolateral amygdala (Braga et al., 2009) . Using a laboratory model of human aggression (the point-subtraction aggression paradigm (PSAP) Cherek et al., 1992) , aggressive behavior was diminished following acute doses of tiagabine (Lieving et al., 2008) and topiramate (Lane et al., 2009) . Based on State-Trait Anger Expression Inventory (Spielberger et al., 1983) scores, topiramate reduced aggression in a clinical trial of patients with Borderline Personality Disorder (Nickel, 2007; Nickel et al., 2005) .
In a recent review of anticonvulsants for the management of impulsive aggression, Stanford et al. (2009) noted that while efficacy has been demonstrated in several compounds, additional studies are needed. Unfortunately, many anticonvulsants can produce undesirable side effects, including cognitive distortions, memory problems, and lack of tolerability to initial doses (Cramer et al., 2010; Guay, 2007; Huband et al., 2010) . In addition, some may cause increases in irritability and aggression at lower doses or during initial exposure (Cherek et al., 2004; Guay, 2007; Lane et al., 2009 ). Thus, newer compounds featuring fewer unwanted cognitive and behavior effects are desirable Khalifa et al., 2010 ). An open pilot study reported that tiagabine was both more effective than placebo at reducing alcohol dependence and was also well tolerated by patients, with only a minority reporting adverse events at the beginning of treatment (Paparrigopoulos et al., 2010) .
Using a within-subject acute dosing design, we recently showed that tiagabine was effective in reducing human aggressive responding (Lieving et al., 2008) . In the present report, we investigated tiagabine effects over a 5-week period using a chronic dosing design. Aggression was measured via the PSAP, which has the advantage of within-subject repeated measurement to assess change over time and across experimental conditions, thus providing a useful measurement tool for chronic dosing designs.
In this project, we specifically selected individuals at risk for elevated rates of aggressive and violent behavior, a strategy we have employed previously (Cherek and Lane, 2001; Lane et al., 2009) . Public health research has demonstrated that individuals with histories of criminal prosecution and incarceration (on parole/probation), Axis II personality disorders (e.g. antisocial, borderline), and substance use disorders (SUD) present increased risk for physically violent and/ or aggressive behavior (Arseneault et al., 2000; Kessler et al., 2006; Rasmussen and Levander, 1996; Robins, 1993; Swanson et al., 1990) . For example, those with antisocial personality disorder and SUD are 10-15 times more likely than healthy, matched controls to exhibit serious aggressive behavior (Arseneault et al., 2000; Steadman et al., 1998; Swanson et al., 1990) . In addition, there is evidence that individuals with single nucleotide polymorphisms (SNPs) of the a2 sub-unit of the GABA-A receptor are at increased risk for developing alcohol use disorders, which suggests potential alterations of GABA function (Bierut et al., 2010; Edenberg and Foroud, 2006) . GABA-A a2 SNPs also interact with childhood trauma, and the relationship is predictive of substance dependence for cocaine, heroin and alcohol dependence (Enoch et al., 2010) . The role of GABA in aggression is well documented (Miczek et al., 2004) , and altered GABA function could potentially mediate the relationship between SUDs and aggression.
Based on the anti-aggressive efficacy of anticonvulsants, our prior study of acute tiagabine effects on aggression (Lieving et al., 2009) , the utilization of a population at increased risk for aggression, and the demonstrated role of GABA in modulating aggressive behavior, we expected that chronic tiagabine administration would produce decreases in laboratory-measured aggression.
Methods
All experimental procedures were reviewed and approved by the Institutional Review Board for the University of Texas Health Science Center-Houston, USA. Informed consent was obtained from all subjects prior to study participation.
Subjects
Potential volunteers responded to advertisements for research studies seeking individuals on parole or probation, these advertisements were placed in freely distributed papers in the Houston area. Recruitment for individuals on parole or probation was sought because of the high incidence of antisocial and aggressive behavior associated with this population. Potential subjects underwent a physical exam in order to be screened for any exclusionary medical conditions (e.g. HIV, seizures, cardiovascular disease). Women were excluded if they were pregnant at the time of screening. Pregnancy tests were also conducted each day of testing to ensure no female subjects had become pregnant during the study. In addition, prior to study participation potential subjects were screened for any current or past psychiatric illness using the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders Fourth Edition Text Revised (DSM-IV TR) (SCID-P) (First et al., 1996) . Subjects were excluded for any Axis I disorder except for past substance dependence or abuse. The SCID-II Structured Clinical Interview for DSM-IV (First et al., 1997) was used to assess if the potential subject met for childhood Conduct Disorder (CD) by age 15, Antisocial Personality Disorder (ASPD), or Borderline Personality Disorder.
Twelve subjects completed the study (10 male). Six of the subjects met DSM-IV TR criteria for ASPD, two subjects met DSM-IV TR criteria only for childhood CD, and four subjects did not met DSM-IV TR criteria for either ASPD or CD. No subjects met criteria for Borderline Personality Disorder. Cognitive functioning was assessed via the Shipley Institute of Living Scale (Zachary, 1986) , which assesses general intellectual aptitude through a 40-item vocabulary test and a 20-item abstract reasoning test. Normalized percentiles were obtained from both tests. All 12 subjects were within one standard deviation of the mean age-adjusted normative percentile, with a Wechsler Adult Intelligence Scale (WAIS) estimated mean score of 105.58 (range 93-129, see Table 1 ). Appendix A provides details regarding drug use history, parole/probation status, and past criminal offenses.
Expired breath samples and urine samples were collected from subjects on each day of participation prior to the first experimental session. The alcohol content of expired breath samples was measured using an Alcosensor III (Intoximeter, Model 3000, St. Louis, Missouri, USA). Urine samples were subjected to a complete drug screen analysis (marijuana, cocaine, opiates, amphetamine, methamphetamines, and benzodiazepines) using the Enzyme Multiple Immunoassay Technique -Drug Abuse Urine Assay (EMIT d.a.u. by SYLVA Corporation, Palo Alto, California, USA). Any subject with a positive blood alcohol level or urinalysis (UA) test was sent home and participation was rescheduled. Subjects were removed from the study if more than two positive tests of alcohol or drug use were recorded. Three subjects were removed for positive UA tests, two for marijuana and one for alcohol. To avoid potential interactions with tiagabine, subjects had to be free of illicit and prescription drugs during the study. All completed subjects had drug-free urine samples throughout the study. No subjects reported taking any other prescription or over-the-counter medications, monitored by a morning questionnaire given to subjects each day of testing.
Apparatus
Subjects were seated in a 1.2 m 3 1.8 m sound-attenuated testing chamber containing a video graph array (VGA) monitor and a 10 cm 3 43 cm 3 25 cm response panel. Three microswitch push buttons labeled 'A', 'B', and 'C' were mounted horizontally on the top of the response panel. The monitor and response panel were linked to a Pentium-based computer outside the testing chamber using a MedAssociates (Georgia, Vermont, USA) interface card and a customized hardware/ software system. This computer interface controlled and recorded all experimental sessions.
Procedures
Aggressive, escape, and monetary-reinforced responding were measured using the PSAP (Cherek et al., 1992 (Cherek et al., , 2003 . The external validity of the PSAP has been established; individuals with a more extensive history of aggressive behavior respond more frequently than controls on the operationally defined aggressive response option (Cherek and Lane, 1999;  Moeller et al., 1998) . During the experimental session, subjects chose between three response buttons labeled A, B, and C. Button A was associated with a monetary-reinforced response option; button B with an operationally defined aggressive response option, which ostensibly subtracted 15 cents from a fictitious other person paired with the subject; and button C with an escape response option that protected the subject 9 s counter from subtractions (attributed to the fictitious other person) for a variable period of time. Monetary subtractions from the subjects counter (e.g. 'provocations') occurred at random intervals between 6 and 120 s. At the beginning of every experimental session the letters A, B, and C and a counter of the subject's earnings appeared on the computer screen. A single response on any button (A, B, or C) disabled the other two response options and the letters of those options disappeared from the screen. When option A (monetary-reinforced) was chosen, 100 consecutive presses on button A (fixed ratio 100 schedule) would add 15 cents to the subject's counter. If option B (aggressive) or option C (escape) were chosen, then 10 consecutive responses (fixed ratio 10) produced a time period that was free of any provocations (i.e. a provocation-free interval, or PFI). The PFI lasted 125 s on average, with a range of 100-150 s. After a PFI ended, subtractions to the subject's counter were reinstated. If the subject responded on either option B (aggressive) or option C (escape), the number of provocations per session that would occur could be reduced, outwardly suggesting an effect of B and C responding on the 'other' person's subsequent behavior. After completing the response requirement for any of the selected button options, the selected letter disappeared from the computer screen for a period of 2 s. After the 2-s period, all three letters reappeared as a signal to the subject that all three response options were again available.
The presence of the fictitious other person and all PSAP contingencies (real and apparent) were established via instructions prior to the first PSAP test session (Cherek and Lane, 1999) . Subjects were shown a diagram of the computer monitor and response panel, and were then read a set of scripted instructions. If the subject asked questions, portions of the script were repeated. At the end of every testing day (approximately 3:00 pm), subjects were given a brief questionnaire to assess the veracity of the instructional deception. Any subject reporting suspicion about the presence of another person would be excluded from the study at that point. In the current study, all subjects reported being paired with another person on every testing day.
Subjects participated 2-3 days a week (Mon-Fri) in six 25min sessions for each day of testing. Experimental sessions occurred at 9:00 am, 10:00 am, 11:00 am, 12:00 pm, 1:30 pm, and 2:30 pm. Subjects arrived in the laboratory at approximately 8:00 am for each day of testing. A standardized lunch was provided at approximately 11:30 pm. Breath and urine samples were obtained immediately upon arrival. Between experimental sessions, all subjects waited in a common area containing a television and magazines.
During the consent process, all subjects were provided information about their potential earnings, breath alcohol testing, urine drug screening, psychiatric screening, and experimental procedures. At the end of each testing day, all subjects were evaluated for signs of impairment and completed a 22-item side effects questionnaire in which they answered Yes/No to each item. Subjects were then paid in cash the sum of all earnings across the six PSAP test sessions, plus bonuses of $10 for on-time attendance and $10 for clean BAL and UA samples. Side effect data are provided in Appendix B, which lists each of the 22 side effects and the total. Exact Poisson regression with false discovery rate (FDR) correction for multiple comparisons was used to analyze side effect counts over the 5-week course of the study. Subjects in the tiagabine group reported greater thirst, nervousness, and total side effects than the placebo group (p < 0.003 after FDR correction, see Appendix B for details).
Dosing design and capsule administration
Subjects participated for 6 weeks. After signing consent, subjects were randomly assigned to a placebo (n ¼ 6, 5 male) or tiagabine (n ¼ 6, 5 male) group. Consistent with our prior acute tiagabine dosing study (Lieving et al., 2008) , and at the request of the local Institutional Review Board, an ascending dose sequence was selected for safety, with a focus on minimizing potential GABA-related side effects (e.g. drowsiness, cognitive or motor disruption). For chronic dosing in the treatment of seizures, it is recommended to use gradual dose escalation following the observation that optimally effective doses may also be in the range likely to produce side effects (Perucca, 2004) . During the first week of participation, subjects responded under non-drug (i.e. baseline conditions) in order to stabilize responding on the PSAP, which is typically achieved within 1-2 days. In week 2, all subjects were administered placebo capsules BID. In weeks 3, 4, and 5, subjects were administered either placebo or 4 mg, 8 mg, and 12 mg tiagabine BID, respectively. All subjects received placebo capsules BID in week 6.
On each testing day, placebo or tiagabine capsules were administered at 9:00 am. All doses were encapsulated in #00 opaque blue capsules. Cornstarch was used to fill the remainder of the capsules. Placebo capsules contained only cornstarch. The bioavailability of tiagabine is 90%, with peak plasma levels reached approximately 1-2 h after oral administration. The elimination half-life ranges from 4-9 h. A second dose was self-administered by the subject at 6:00 pm. On days when subjects were not scheduled to come to the laboratory, capsules were self-administered at home at 9:00 am and 6:00 pm. Research assistants blinded to the drug condition conducted the dose administration in the laboratory and administered take-home Medication Event Monitoring System (MEMS) bottles. Throughout the course of the study, neither the subject nor the research assistants were aware of the capsule contents. Compliance with the self-administration (at home) dosing protocol was monitored by placing capsules in MEMS bottles (AARDEX Ltd/ APREX, Union City, CA, USA), which electronically recorded bottle opening times. Based on MEMS data, compliance with the at-home dosing protocol was generally high. Defined as a bottle opening within 90 min of the protocol times (9:00 am, 6:00 pm), mean compliance was 89.17% ( 6 6.02, range 65-100%) for the placebo group, and 80.00% ( 6 6.78, range 50-97%) for the tiagabine group. Compliance rates were not significantly different across the groups, t(10) ¼ 1.01, p ¼ 0.33.
Questionnaires
At the end of the study, subjects completed six questionnaires related to aggression: (1) Buss-Perry Aggression Questionnaire (BPAQ) (Buss and Perry, 1992) , (2) State-Trait Anger Expression Inventory (STAXI) (Spielberger et al., 1983) , (3) Lifetime History of Aggression Questionnaire (LHA) (Coccaro et al., 1997) , (4) Eysenck Impulsivity Venturesomeness Questionnaire (EIVQ) (Eysenck et al., 1985) , (5) Barratt Impulsiveness Scale (BIS-11) (Patton et al., 1995) , and (6) Retrospective Overt Aggression Scale (ROAS) (Sorgi et al, 1991) . Mean values are shown in Table 1 . No significant differences were found between subjects who received tiagabine dose versus subjects who received placebo doses.
Data analyses
Parallel analytic approaches were used to evaluate performance in the monetary earning (button A) and aggressive responding (button B) conditions. Aggressive responding was measured as aggressive responses per provocation; a measure of reactivity to the provoking stimulus (monetary subtraction). Less than half of all subjects used the escape response option (button C), and those who did use it did so sporadically. Accordingly, escape responding was not analyzed. Preliminary repeated-measures ANOVA models across the six daily test sessions revealed no effect of session on either monetary earning or aggressive responding (F values < 2.0). Accordingly, data were averaged across the six daily test sessions for each week, yielding a mean weekly score for each participant.
Mixed models evaluated performance as a function of time (week), dose condition (placebo vs. tiagabine), and their interaction. Following recent recommendations (Wijeysundera et al., 2009 ) analyses employed both frequentist (using SAS v. 9.2; PROC GLIMMIX) and Bayesian (using MLWin v. 2.20) statistical approaches. Conventional frequentist analyses permit rejection of the null hypothesis but do not directly address the probability of various values for the alternative hypothesis. Bayesian statistical reasoning permits statements regarding the probability that a value, or some range of values, constitutes the governing parameter for the process under examination.
While frequentist methods treat the parameter as fixed and the data as random, Bayesian methods treat the data as fixed and the parameter value as random. Frequentist methods estimate the probability of the data (or data more extreme) given a parameter of some value. Bayesian methods estimate the probability of a parameter of some magnitude given the data. Summarizing the posterior distribution in terms of some measure of central tendency and an index of variability provides point and interval estimates which characterize the best estimate of the parameter value and the uncertainty for that estimate. All inferences are made on the basis of the posterior distribution. Due to its influence on the posterior distribution, the choice of prior distribution is critical. Prior distributions for level-one error variances take the form of a Gamma distribution; see Browne (2009) for mathematical details. Essentially, these prior distributions will yield similar values to traditional frequentist estimates; however, the information contained in the posterior distribution permits probabilistic statements regarding various alternative hypotheses.
Results
Given the small sample size, the degree to which randomization may have rendered comparable groups requires evaluation. If baseline characteristics were correlated with both group membership and performance measures, then the potential for confounding existed. Table 1 provides demographic and psychometric information for each group. Inspection of baseline characteristics failed to demonstrate any group differences after controlling for Type I Error due to multiple comparisons (see Table 1 ).
Frequentist analysis
Evaluation of the aggressive responding (B button responses per provocation) indicated a reliable interaction of drug condition and time (F(1, 46) ¼ 5.25, p 0.027). For participants in the tiagabine condition, aggressive responding decreased (b ¼ À2.33 (95% Confidence Interval (CI) À3.46-À1.20)) for each additional week in the study. Participants in the placebo condition did not demonstrate change over time (b ¼ À0.47 (95% CI À1.71-0.76)). Evaluation of monetaryreinforced responding (A button responses per second) did not demonstrate an interaction of condition by time (F(1, 36) ¼ 0.10, 0.756) or a main effect for condition (F(1, 36) ¼ 2.29, 0.139); however, both groups' rates increased over time (F(1, 11) ¼ 5.52, p 0.039; b ¼ 156.91 (95% CI 9.98-303.85). Figure 1 depicts the model-estimated scores as a function of time, condition and the interaction of time and condition for each response type (solid lines). Individual data points show group averages ( 6 SEM) at each week.
Bayesian analysis
The posterior distribution of parameter values for the interaction term for aggressive responding is depicted in Figure 2 (lower panel). The parameter estimate for the interaction term is b ¼ À1.863 (95% Credible Interval (CBI) À3.706-À0.025).
Assuming that no effect is indicated by a parameter value of zero (see reference line), the posterior distribution indicates that the probability that an interaction occurred (i.e. an effect < 0) is 0.977. The posterior distribution also permits statements regarding effect sizes of varying magnitudes (shown in Table 2): the probabilities that the interaction parameter value is less than À0.5, À1.0, À1.5, and À2.0 are 0.928, 0.823, 0.652, 0.440, respectively. Among participants receiving tiagabine, aggressive responding decreased over time (b ¼ À2.332 (95% CBI À3.329-À1.336)), while participants in the placebo condition failed to reliably demonstrate change over time (b ¼ À0.474 (95% CBI À2.107-1.158)). Inspection of the posterior distribution of the simple effects of time within each drug condition indicates that the probabilities of slope parameters less than zero are ! 0.999 and 0.725 for tiagabine and placebo, respectively. Examining the probability that a larger parameter is governing the observed process indicates that, for tiagabine, the probability is 0.949 and that the slope is less than b ¼ À1.5, compared with a probability of 0.101 for placebo. From these Bayesian arguments, it follows that there is a high probability of a linear decrease in aggression over time in the tiagabine condition and a contrastingly low probability in the placebo condition.
The posterior distribution of the parameter value for the interaction term for monetary-reinforced responding is depicted in Figure 2 (upper panel) . The parameter estimate for the interaction term is b ¼ 41.323, (95% CBI À293.966-376.446), which fails to show reliable difference from zero. Inspection of the posterior distribution indicates that the probabilities of b ¼ 0.0, À0.5, À1.0, À1.5, and À2.0 are 0.396, 0.395, 0.394, 0.393 and 0.391, respectively.
The clustering of these probabilities reflects the smaller variance in the posterior distribution for monetary responding versus aggressive responding (Figure 2 ). This is due to the overall response rate and allocation of behavior to the aggressive versus monetary earning response option inherent in the PSAP. Specifically, even the most aggressive individuals still allocate the majority of responding to the monetary earning option. Further inspection of the model indicated that there was reliable change over time for both conditions (b ¼ 156.967, (95% CBI À0.570-314.464)). The probability of a slope greater than zero is 0.975, while the probabilities of a slopes as large as b ¼ 100 and b ¼ 150 are 0.775 and 0.538, respectively. This indicates that, across both groups, subjects responded faster on the monetary earning option (e.g. became more efficient at earning money) over the 5-week duration of the study, as depicted in the increasing slopes in Figure 1 . Figure 2 shows the posterior distributions for the interaction terms (i.e. Drug Condition 3 Time). Table 2 provides the posterior probabilities for interaction effects of various magnitudes for both the monetary earning and aggressive response options.
The combination of frequentist and Bayesian analyses permits application of different definitions of probability in assessing uncertainty regarding the governing parameter(s) of some process. (For an accessible exposition on these different definitions see Gill (2002) ). Presently, this facilitated the probabilistic evaluation of both the null and alternative hypotheses for change in aggressive and monetary-reinforced responding.
Discussion
In a subject population of parolees at increased risk for violence, tiagabine produced decreases in aggressive responding over 5 weeks corresponding to weekly increases in dose (4 mg, 8 mg, 12 mg). No changes over time were observed in the placebo group. Both groups showed similar increases in monetary responding over time, corresponding to an increase in efficiency on the PSAP and subsequently higher earnings per session. These differential changes between response classes (monetary vs. aggressive) and dose condition (placebo vs. tiagabine) suggest that tiagabine's effects were specific to aggressive behavior rather than to non-specific effects (e.g. sedation).
To our knowledge, these data represent the first placebocontrolled examination of tiagabine for aggressive behavior using a chronic, extended dosing regimen. The results are consistent with our previous study of acute tiagabine effects (Lieving et al., 2008) and two reported case studies using tiagabine for the management of aggression in highly agitated patients (Hoffman, 2005; Kaufman et al., 2002) . Though limited, these data collectively suggest that tiagabine merits further examination as an anti-aggressive drug. In contrast to a previous study of acute topiramate effects on aggression (Lane et al., 2009) , we observed no reports of adverse side effects with tiagabine BID over 3 weeks in the dose range 4-12 mg. Insofar as the PSAP can serve as a proxy for gauging real-world risk for aggressive behavior, the present data suggest that the efficacy of tiagabine in reducing aggression may be superior to topiramate, which showed an inverted-U shaped dose-response function with increases at doses of 100 mg and 200 mg and modest decreases at 400 mg. However, differences in dosing design (acute vs. chronic) limit the interpretation of this comparison.
The data indicate that tiagabine significantly reduced aggressive responding. However, due to the restricted sample size, cautious interpretation of the results is warranted and generalizabilty to broader populations is unknown. Replication of tiagabine's effect on reducing aggressive responding in a larger sample is warranted.
Subjects received tiagabine in an ascending dose sequence, starting with a week of placebo and then escalating from 4 mg to 12 mg BID over 3 weeks and concluding with a week of placebo. This sequential design was chosen for subject safety and dose tolerance (Perucca, 2004) , but order effects are possible. Specifically, while the placebo group served as a control for general decreases in aggression over time, it cannot be determined whether the apparent linear decrease over each week was a function of increased dose, or an interaction of time and accumulating exposure to the drug. As discussed in more detail below, the lack of recovery toward baseline in the return to placebo during final week further obscures these issues. In addition, we did not collect collateral behavioral, subjective, or biological measures over time, and thus cannot determine if tolerance or sensitivity played a role in the observed outcomes. Other possible designs and measures might control for this possibility in future studies. A crossover design that switched subject dose condition after 5 weeks, while time intensive, would feature the advantage of exposing subjects to each condition. A randomized counterbalanced dosing order, while susceptible to increased risk of side effects, carryover effects, and increases in behavioral variability across doses, would better control for possible dose by time interactions.
Our sample was limited to a specific population of individuals on parole/probation with SUDs and DSM-IV Axis II personality disorders such as ASPD. Individuals with a history of substance dependence show reduced white matter integrity in prefrontal brain regions known to subserve decision-making processes (Lane et al., 2010) . In addition, individuals with SUDs and/or personality disorders are known to have both abnormalities in prefrontal/frontal lobe function and decision-making deficits (Miczek et al., 2007; New et al., 2007; Siever, 2008; Volkow et al., 1993) . Altered prefrontal and frontal lobe function and impaired decisionmaking processes may place such individuals at increased risk for committing acts of aggression. While the contribution of these factors to the present results is not clear, future work is likely to provide increased coherence through direct measurement of these variables and their relationship to drug effects on aggression. A more generalizable understanding of tiagabine's effects on human aggression will also require a larger, more diverse sample.
Subjects in the tiagabine group maintained lower levels of aggressive responding, even after active doses were terminated and both groups returned to placebo, i.e. they did not return to week 1 placebo levels of aggressive responding during the week 5 return to placebo. Given the short halflife (7-9 h) of tiagabine, the drug should have cleared the system by week 5. One possibility is that changes in behavioral patterns on the PSAP, established over the course of weeks, may not be reversible. We observed a similar pattern of behavior in a study of paroxetine (Cherek et al., 2002) . That study employed an equivalent chronic dosing design, and similarly did not observe a reversal to initial levels of aggression during a 2-week return to placebo at the end of the study. Additional possibilities are that the drug may persist longer in the brain than in plasma, or may produce persistent adaptive changes in the brain. Anticonvulsants such as valproate, phenytoin and carbamazepine have been used extensively to treat impulsive aggression in clinical populations and are generally effective. However, the results are not unequivocal. Some studies with valproate (Hellings et al., 2005) and divalproex (Hollander et al., 2003) did not demonstrate any difference greater than placebo, although effects of divalproex were greater in more impulsive and aggressive subjects (Hollander et al., 2005) . Tiagabine has not been studied as extensively as other anticonvulsants, but previous acute dosing data show potential efficacy (Lieving et al., 2008) . Some anticonvulsants may produce undesirable side effects such as memory alteration and, paradoxically, irritability, at least at certain doses (Cramer et al., 2010; Huband et al., 2010; Lane et al., 2009) . Newer anticonvulsants, including tiagabine, have a lower side effect profile and thus may be safer. Further, tiagabine presents little risk for dependence or abuse, which may make it a better option for some at-risk populations. The abuse liability profile of tiagabine is very low, as with other newer anticonvulsants (Malcolm, 2003) . Importantly, it has been effectively used in clinical trials for the treatment of alcohol and cocaine dependence (Gonza´lez et al., 2007; Paparrigopoulos et al., 2010; Winhusen et al., 2007) . The present results indicate that tiagabine reduced aggressive responding in a sample at high risk for aggression, suggesting that further investigation of the psychopharmacology of tiagabine in a larger, more diverse sample is warranted.
Side effects profile for tiagabine and control subjects. For each question, the two values represent the number of subjects reporting 'Yes' to the side effect at least once, and the total number of 'Yes' reports, respectively. The last two columns show the 95% confidence interval and statistical outcome from exact Poisson regression (for each item) with false discovery rate (FDR) correction for multiple comparisons. p-values are reported only for items that were significant after FDR correction (<0.003).
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